l. C. 6782 May 1934 
_UNITED STATES BUREAU OF MINES 


——~ Scott Turner. Director © 


INFORMATION CIRCULAR 


GREENSAND 


BY 


PAUL M. TYLER 


Digitized by (ON gle THE OHIO STATE UNIVERSITY 


1.C, 6782 
way 1934 
INFORMATION _CT2OULAR 


ee re me me - 


UNITED STATES PURRAU OF MITES 


“exams 


By Pavl i, Tyler -2/ 


Tae enormous deoosits of sreensancd in New Jersey and elsewhere in’ the 
United States, meny of them close to’ imortant inaustrial centers, consti- 
vute a veroetual challenge for researc: chemists to convert them into a com- 
mercial asset of national imurtance, Followizy, tue intsoduction of more 
concentrated fertilizer S, co:mrisin: synthetic mixtures of more soluble 
salts, the quantity of «reensand used directly won the soil has diminished, 
but denosits of suca material still nove at least »votential value locally for 
use not only as rertilizer but -iso arc 2 water softener. 

An annotated bibliograshy of the already extensive literature on green- 
sand, virtually conlete to about the end of 192°, has been issued by tne 
Bureau of Minesd/, snd tue cortmercioal asvects as well as the technology of 
greensand utilization are discussed i. available nublications, The »urvose 
or the present circular, therefore, is merel; to provide a brief outline of 
certain general essential considerations for use in aopreisine the notential 
value of a greensand deposit in any given locality. 


Tae term "Sreensanc" is asolied to an wiconsolidate3 or sandy cevosit 
contalning glauconite, a ydrous silicate of iron and votessiwa, It may con- 
tain less than 1 nercent oi quartz send; Dut more comnonly it contains a much 
larger amownt of inert matericl, often 50 »ercent ov more, Sand comosed 

inly of jlauconite is distinctly -reen, becoming darker or even almost black 
vaen wet, If much quartz is present the sand nas a characteristic "pepoer~ 
ond=sslt" annearance, Fresi ~lvicouite is ¢veen but after being weathered 
Vakes on a dark coating. ‘The groins of glauconite are fairly soft and can 
be broxen readily by the finger neil, 
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i/ The . Bureau of Fines will v elcoue reorinti: rage oi this article, provided tne 


following footnote acimorled:ment Ae used: “Reorinted from U. S. Bureau 
of Mines Information Circvlar 6752 


2! Chief engineer, mare Metals and =e ee Division, U. 5. Bureau of Mines. 
3 Sureve, R, ie, Goeeusand Bibliogreohy to 1920 (Aunotated), with a chapter 
on Zeolite Water Softeners: Bll. 325, Buren of Mines, 1929, 78 pv. 
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In addition to glauconite and quartz, many greensand devosits contain cal- 
_ cium carbonate (usually as snells or as cement derived froa shells) and a 
little clay or other fine material, Some devosits contain mere or less vhos- 
~hate of iron, Undecayed feidsvar is found occasionally, and in maay southern 
deoosits there is an anpreciable amowt of inica, 


Glauconite (from the Gree’s word gi-iucos, meanings bluish sreeu) is a 
dgerinite mineral, as snown by its X-roy nratterns, but saioles from different 
localities vary considerably in analycis, In general, however, it consists of 
about one helf silics, one fourth iron ocides, one tcnth aluminum and «agnesium 
Oxiaes, and one sixth votash, rater, ana other substances, the notash forming 
ebout 1 sart in 13, Inasiuch as pure glauconite conteins adout 7 to & vercent 
potash the notash content of a greensand often can ve estimated row:nly on the 
basis of its glaucorite content, but cenartwres fron this rnle freauently are 
noted, The best New Jersey greensands contain wo to 7 nercent or more of 
potash, analyses ranzving from 1,54 to 7,10 Ko0, witn 0.19 to 6,9 percent P05, 


Greensana deonsits eceq lent ign are described as "marls"s; this usege is 
firmly established in geologic revorts as well as nonvlar sveech, but the tern 
"“narlt is annvlied accurately only to earthy denosits containing an as oreciable 
amount of lime (calcareous merls), ; 


.. The svecific sravity of Glauconite usually is given as aronnc ces, 
altaouch selected sammles of New Jersey yreensand nave shown a consity. of 
around 3,0, Mansfielc4 -estimatec the everage weight of the material as 60 
poids per cubic foot or 3,160 »ounds ner cibic yard when stored in stock 
piles and at 133 nounds or about G,660 »nounds »er cuvic vard in »lace, 


Allied to glauconite and gsreensand in comsosition are the so-called 
N"ereen eartast, which occur as alteration »roducts of basic igneovs rocks, 
The well-imown "s-reen-earth" nigment of Monte Baldo and elsewhere near Verona, 
Italy, is celedonite, a riineral wiich is verhnys identical with slaaconite, 
differing only ir its state of azswesrtion and origin, 


Greenalite also resembles glauconite, both in general eonezrance and com- 
position; it is a hydvatec tron silicete but contaius no notash, 
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Inasmucn as the New Jersey greensana cortains both notassium anc nos 
phorus, 2 of the 3 vrincival elements essential to the growth ef dliants, 
"marl" was used as a fertilizer in that State as early as 1765, tnow_h uot 
apundautly watil avout 16°70, As .wmich as 2 loads per acre sometimes were 
used, and sich dressings vere deemed sufficient to last 15 or ZO years, 
Various ‘annual reports of tie New Jersey Geological Survey record tne use of 

to oO tons or more spread after sowins, The crops most benefitted were 
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4 vansfield, ‘Ge Re, rota sh in the Greensands of New Jersey: vu, 3 Geol, 
Survey Brll, 727, 1922, ov, 20. 
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grass, clover, »xotatoes, and buckwheat; but all grains were said to be im= 
orevec, though with less strikin-’ results, Even modern agricultural chemists 
seem to be more or less in agreement as to the value of vreensand as a 
fertilizer, It must be used in relatively large quantities, however, as its 
notasn is only slowly solvwole, The adcition of ground limestone with certain 
sreensands is recomuended, ecause o: the larve ovantities required, green- 
sand has rarely been used in the Unitec. States outside of New Jersey for 
direct apylication to the soil, In Vir,zinis, nowevexr, consicereble tonnages 
have been cried end zround for uso in commercial fertilizers, 


Greensand has been considered reveatecly as a ootential source of soluble 
yotash salts. Thoeneny/ reported in 1929 that no larze-scale successful pro- 
cess was in operation, and ne concluded that e:mansion ox existing experimental 
processes to supply domestic notash needs would encounter cifficulties in 
marketing byoroducts {chiefly sand-limne brick or synthetic vortland—cement 
slurry). However, he recommended further Jaboratory study and ¢linmosed an 
ooportunity for one or more moderetely large »wlents utilizing this material in 
lew Jersey, Later develonments, notably the laree wrosnective increase in the 
domestic potash oroduction from New Mexico, co not teiud to imorove the ovoten- 
tial competitive status of freensand as a sow'ce ot soluble potash salts. 
During the World War a larse votash-recovery plant was under construction near liew 
Srunswicit, Ne Jes ae it was never completed, aud its costly enuinment remainea 
idle or was subsequentiy sold for other ovwrnoses. The design called for the 
manufacture of sand—-lime brick as a by»roduct, 

In recent years most of the rather small aimval production of erecraane 
is treated and sold for use in water-softening aooiratus, relatively little 
now being employee. as fertilizer, Inesmuci. as this is now the vrincival use 
it will be discussed in some detail, alon:; with ee syntnetic zeolites 
in tne section of this paner on Water Softening 


Greensands have been used occasionally, robaoly in only a small way, in 
the ceramic industry, for prenvarins soecial slios and ceramic bodies, 


ode _ of Occurrence 


Glauconite has formed in every’ .,eoloyic asse since pre-Cambrian times, 
and even in older rocks tne related wuincral, greenalite, is found, According 
to Ashley® » the unconsolidated sreens:nds of the North Atlantic Stetes occur 
as wellecefined beds in the Acuic. and Shark River forizations of the Eocene 
anc in the Manusquan, Rancocss, and iiuumouth formations of the Cretaceous, 
at oresent glauconite is one of the imortant. materials forming on the bottom 


of the sea at desths ranging from about SOO feet to a little over 2 miles, 


5/ Taoenen, J itis Potasn from New Jerssy Greensané - Preliminary: Resort: 
Rent. of Investigations 293.0, Bureau of Mines, 1929, 54 ‘95, 

6/ Ashley, G. ii,, Hotes on the Greeusenud Devosits of the Bastern United 
states: U.S, Geol, Survey Bulls 660, 1918, vo. 26. 
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According to the revort o1 .the Challenger expedition, 2/ it forms most avun- 
dantly at adout the lower limits of wave, tide, ana current action, in the 
neighborhood cof what may be. called tne mad line--that is, at about 200 to 30d 
fathoms, . a 23 


A great deol has been written avout the origin of glauconite, l.any 
riters ascribe the formation of the material to the action of decaying 
aninal matter: in the sea, wiile others call attention to the fact that it may 
be formed in existing sedinents by nercolating waters, bot: by direct pre~- 
cloitation from solution and by replacement of.vre-existing minerals, 


-Tistributi on of Deposits 

.._In the United States zreensand occurs in New Jersey, Delaware, Maryland, 
Virginia, North Carolina, Tennessce, Texas, and Arkaisas., In England it is 
, developed in the Woalden area and on the. Isle of Wisit, and extends from 
Berksnire anc Oxfordshire to Norfolk and Lincolnshire... Some of the limonite 
iron ores of these districts may, lixe those of the Lake Superior region, 
have been derived by altcration of glauconite .&/ The same formation is dis- 
tributed widely on the contin sent of Hurope, : 


The ereensand beds of New Jersey alone probably contain. over 2 billion 
metric tons in ae belt 10 miles wide and 100 miles: lonzs, and. averaging 20. 
feet thick.9/ MansfieldlO/ estimates that a triangular prism 2,1 miles wide, 
100 miles long, and 40 feet thick at the Boutiedst ponder-(vedsine out along 
its northresterly border). can be mined by open-vit methods, Even with due 
allowance. for erosion ané. mpebaet pee land alreacy develoned for residential 
and industrial Purposes, the notential tonnage in this area is enormous, If: 
the »otash content, for example, were available, this area could suovly the. 
probable potash needs of the United States fox centuries. 


A) 
, 


Most of the deposits fee oi Delaware anpe to be of lower arade than 
the New Jersey ereensaid. Accordin;: to Ashley1 ; sam)les froma Wew Jersey 
and Delaware fees as much as 7 vercent and more of »votash; samoles from 
Maryland yielded 4,45 »ercent or less; samples from Virginia, wnich con- 
tained muci edd yieldaec %. to 2.t eucoute tnose from OR Carolina 2,96 
percent or less those from Arkansas SP)  sercent or less; and a sam le from 
Tennessee not over 3 perce:it. 
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7/ Murray, Jes and Renarc, kw ee. “Challenger nevort, Deeo~Sea, Deposits: 
1891, Ps 283, Giagre; &. (Quoted by iansfield, G. R., Woris cited, 
pe 138 

8/ Thorpe, BE., A Dictionary of Aoplied Chemistry: Vol, III, p. 402. 

9/ Washington, EH. S., Italian Leucite Lavas as a Source of Potash: Met. and 
Chem. Eng., vol, 18, i918, p. 71. pe eae ee 

10/ Mansfield, G. Re, Work: cited, pe 106, . - 

W/ Ashley, G. He, Work cited, pe 29, 
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The bulk of the greensauid produced in whe United St-tes nas come from 
siall, hand—niclkeand=snovel operaticnus, For tne New Jersey devosits, 
moenenlo/ visualizes no nérticular citiiculties iu removing; overburden by 
drazline and mining tie greensana vy Gvasline or dredging; onerations, He 
assumes a. &verajj;e -atio or overbirrean of 1 cubic yard for es.ch 4,1 tons of 
greersand and a cost oo. 15 cents for strinping: and SO cents for mining per 
cubic yard of greensani, or 2¢ cents ner ton, exclusive of freight to the 
treatment plant, ° : 


In tne late 1860's alagst a million tons of .zreensand were dug and used 
as fertilizer every year, 13/  Bven before the Civil War hunéreds of thousands 
of bushels w2re shinped locaily -to Nev Jersey farms. Iu 1005 it was worth 7 
cents a bushel, and in 1877 iv was selling as lov 2s 60 cents a ton at the 
oits, witn freizht for a 2S=<nile haul bringin: the delivered cost in many 
cases uw to $1.16, Much cf the outsut was Cug, by farmers in the "marl" dis- 
tricts and used near vy; but consicerable qusutvities were hauled some dis- 
tance by wazsons, and in the ag: zresate thousands of carlonds were shioped by 
rail, the railroad comoanies often Willding sow tracks directly into tne 
pits, These frasmentary data from vusious. reports indicate a highly nros- 
perous industry, with ,ross sececizts eventually exceeding $500,000 a year from 
a relatively small section: of the country. By the seventies the heydey of 
the incustry sees to have oasseds Init in 187%, 104,774 tons were renorted as 
siinped and an equal ainount as cug- ty farmers for their own use, In 1878, 
sea 39,913) tons were shixvecjvut in 1cCl, @ coimanies. shinvpeda a total of 

73,900 pena Tais seens to have been Lollowed vy a Lull vniil abovt 1897, 
when signs of a revival were renorted, In 1290, the production, including a 
small quantity from Virginie, was 00,950 tons valued at 7124,330, but this 
improvenent was only temoorary. In 1208 tie ontout had dronved to 8,246 tons 
valued at $3,416; cortimiins the decline only %14 tons valued at $223 were 
sroduced in 191%, From 15 onerators in 1993 tne number drooned to 4 in 1912 
end 1913, and throughout this oeriod the product was mostly dus by owners of 
tas pits for their own use, Tug wartisae shortaze of yotash occasioned o1:ly 


2 relatively small increase > 2 mamitiom of 3,582 tons valued at $4,775 in 
1918, 


The se of greensand for Hee Oe Genin, . Orow.nt about a revival in the 
industry; and in 100%, 4 epevaters revorted a vroduction of 7,805 tons valued 
at $56,600, ecvivalent to more than "39 a ton, Inthe followins year the 

everege tas over ols 3, oe Tne hish unit volue is noteworthy comoared with 


the price of under ol rv. ton ee 20: tee crace material for use as 
Yertilizer, 


laf Thoenen, J. 2, » Fox's cited. Se 
1e/ Cools Ge Ey, Ceolozy of New Jerse: 1863, ». 21. (Qwted by Mansfield, 
G. Res Works ‘ci tel. De J e) 
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Available production data for recent years are shown in an accormanying 
table, 


Table 1. ~ ele ee greensand in- Hew Jersey, | 1922-389 ay 


Fagen tie po eas cy Eats og Pt au Ceo a Se be ee 
Year Plante Short tons}. Value - Year ‘Plants Short tons 
Sa a a eas 7. i oe on : << 

LOO: <ee eae 4 7,885 {$ O68 200; 10Se Gnccyl OS 11,259 $163,048 
LOCO awews 4. 10, 60¢€ a5 52,123 1928: Seeees © 12,295 299,047 
1924 ge eewe 4 14,055 151,205} LIZS: seeeet (oO 13,016 293,180 
LOO: weds 5 12,725 | 179,788!) 19ZO eeeeel 5 12,761 224,871 
ee cosee| 9 


| 12,606 | 174,365 | 
- i. I 


i/ The Mineral Industry of New Jersey (Annual). 
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In 1930 the vlant of one comany, Potash-Marl (Inc.), near Marlton, was 
sold and dismantled, but in that year a new plant was onened wo near Sewell 
by the Inversand Cv, at Clayton. The vresent list of onverators includes the 
followinz: 7 | 


The Perrmtit Co. (Birmingham, N, J.), 440 Fourth Ave., New York, N. Y. 
Zeolite Chemical Co. (Reeves Station, N. Je), 90 West Ste, 7 | 
New 'York, N. Y. | 
Marl Mining Corporation, Office, Pit, and Plant at Marlton, le de 
Hoffman & Cens Chemical Co. (Zwazis ville, Ned. ds Box 586, 
: Mount Holly, N. J. 
The Inversand Co. (Sewell, N.J.), Clayton, WW. J. 


Imorts and Emorts 


Greensand is not sevarately class ified in either the > Apert or the ex- 
vort schedules of the Devartment of Commerce but it is reasonable to assume 
that the material is much too bully to enter larzely into international 
trede. Undoubtedly some cuantity of freensand, more or less advanced in 
condition or manufactured, has been included in the exports cf mixed 
fertilizers and »revared water softeners, 


Zeolite Water Sortening 


Tue "hardness" of water has an important bearing on its industrial 
utilization, po eta carbonate held in solution by carbon dioxide imparts 
what is known as temporary hardness, inasmuch as it is virtually removable 
by heating to the »oint nema the g~aseous carbon cGioxide is exnelled; it 
is likewise precipitated by adding milk of lime, So-called »nernanent hard- 
ness, due to calcium sulphate, mey be largely removed vy adcinj; soda ash, 
Various cuemicel and other treatments have been used for many: decades to 
prevent boiler scale; ut even then solids are removed by preliminary fil- 
tering the boilers had to be blown, usually at least once a day, to prevent 
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oriming and other difficulties arising from the introduction of soluble salts, 
usually considerable excess of the minimum required for the removal of 
scale-forming elements. 


The advantages of completely softened water, essentially free from both 
calciua and magnesivm (zero hardness), are manifold, In steam power plants 
and even in large heating plants it eliminates formation of scale in boilers, 
feed puns, feed vines, and tne circulating systeim in general, thereby saving 
a great deal of unnecessary expense for fuel, renairs, and maintenance, In 
laundries softened water saves soap and does better work; and in textile mills, 
chemical woris, and a great variety of industrial establishnents it cuts costs 
and improves the quality of the product. Data showing the loss of efficiency 
due to scale and metnods for treatinz boiler water are described in Bureau of 
Mines Technical Paper 218, Boiler-—Water Treatment, by tune United States Fuel 
Administration (1919), The maznitude of the industries concerned in swoplying 
chemicals and axparatus for water softening is indicated in an article in 
Commerce Reports of September 28, 1931 (pp. 779-781), which shows that the 
domestic production of boiler compounds was valued at $5,867,285 in 1927 
($4,904,866 in 1929) and sales of small automatic household water-softening 
anoaratus amounting to 16,189 units valued at $1,903,587 in 1928 (declining 
to 11,783 units valued at $1,495,247 in 1920). Unofficial estimates place 
the quantity of aluminum sulvhate usec annually for water treatment at 
200,000 tons and soda ash in excess of 100,000 tons, Otner water~treatment 
chemicals include lime~barium carbonate, witherite (natural barium carbonate), 
barium carbonate, sodium and barium aluminates, ferric alumina, sulphur 
dioxide, sodium silicate, amionia, copp2r sulphate, chlorine, ferrous sul- 
phate (copveras), and the important group of zeolites or sodium aluminum 
Silicates, 


The principle of zeolite water softenin.: is that of base exchange, The 
calcium and magnesium salt in the raw water is replaced by the corresponding 
sodium salt when the water comes in contact with the zeolite, which in turn 
becomes depleted in sodium and correspondingly saturated with calcium and 
magnesium, The process is reversible, however, and the exhausted mineral is 
readily regenerated when a strong solution of sodium chloride (common salt) 
is passed through it; the prevonderance ot sodium causes a reverse change 
renlacing the calcium and maznesium stored in the mineral and allowing them 
to be washed away as chlorides, 


Tne base~exchanze properties of zeolites were noted as early as 1850 
and by 1896 were utilized in beet-sugnar refinins, but it was not until the 
twentieth century that they were utilized for water softening .24/ The 
earlier types of zeolites were made by fusing anpropriate raw materials but 
were slow acting, requiring 3 to 12 hours of contact, Later, bentonitic 
clays were found which were somewhat more satisfactory, The use of New 
Jersey greensand came next, resultin:; in greatly accelerated water-softening 


14/ Behrman, A. Sj. Early History of Zeolites: Jour, ‘An, Water Works Assoc., 
vol, 13, no. 2, 1925, vo, 221~225, 
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rates ana much more rapid regeneration, Of étill later deve looment vere . 
synthetic zeolites, wnici are claimed to be swerior even to tile natural - 
ereensands; one of the most recent is made by mixing solutions of sodium 
Silicate and aluminum sulonete in prover provortions, forming a stiff... 


homogeneous gel,l5/ | 3 Mey ee? ase a 


It will be noted that -reensand is by no means alone in its field, put 
the production fisures ou pagie 6 indicate that the Jew Jersey industry is. 
just nbdout holding its own. The ficlé of water softening is definitely 
exnancing, especially in combination with a »reliminary treatment with lime, 
Cften a oortion of tho total water can be nassed through the zeolite systen 
end still produce a mixture of water of the desired degree of softness 
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- 15/ Behrman, A. S., Recent Develonments in Zeolite Softening: Ind, and Eng 
Cheme, vol, 19, no, 4, 19G7, dD. 446, 
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